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5 Claims. (C. 260-248) 
The present invention relates to the production of 

cyanuric chloride and, more particularly, to a catalytic 
process for the preparation of cyanuric chloride of excel 
lent quality and in high yield by the trimerization of 
cyanogen chloride in the vapor phase and in the presence 
of chlorinating agents and an activated carbon catalyst 
having an extremely long life. 
Cyanuric chloride is a very useful chemical intermedi 

ate for the manufacture of many products, as for example 
chemotherapeutic agents, herbicides, dyes, brightening 
agents, synthetic resins, plastics, rubber, explosives and 
other materials. For many of these uses, particularly 
in the manufacture of brightening agents, it is requisite 
that the cyanuric chloride employed be of a relatively 
high degree of purity. 

It is well known in the art that cyanuric chloride can 
be prepared from cyanogen chloride in the vapor phase 
using charcoal as catalyst. However, with this process 
a highly incomplete conversion is achieved. This is also 
the case even if the process is modified by admixing 
hydrochloric acid with the cyanogen chloride or by im 
pregnating the charcoal with chlorides of the metals 
calcium, magnesium, barium, strontium or zinc. Thus, 
this method does not lend itself at all, or only with very 
considerable difficulty, to economical large-scale produc 
tion, for the incomplete conversion requires recovery and 
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recycle of the unreacted cyanogen chloride, and with char 
coal the utilization factor of the reaction column in terms 
of space and time is very small. 
Another process which is based on active carbon as 

catalyst represents an improvement, it is true, inasmuch 
as a practically complete conversion of the cyanogen 
chloride is obtained, but the process has the following 
four major technical disadvantages: 

(1) The active gas adsorption carbon (gas activated 
or zinc chloride activated carbon) used must be subjected 
to a separate intense pre-drying at temperatures between 
700° and 1000 C. prior to feeding it to the reaction 
column. 

(2) The cyanogen chloride employed must be free 
from hydrocyanic acid, chlorine and water. But even 
under the most favorable conditions, including pre-drying 
of the active carbon to a water content of 0.5% or less, 
a relatively short catalyst life of about 100 hours is ob 
tained. This necessitates the periodical, or semi-con 
tinual, partial renewal of the catalyst in relatively short 
intervals. Consequently, the reaction column must be 
equipped to provide for the feeding and removing of the 
catalyst. 

(3) With increasing age of the catalyst, the degree of 
purity of the cyanuric chloride diminishes due to the 
presence of such impurities as cyameluric chloride of the 
general formula 
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(4) The cyanuric chloride vapors which leave the re 

action column at a temperature of above 200° C. must, 
to be purified, be passed over an active carbon filter 
which is heated to 250° C. and which consists of a silver 
cylinder filled with active carbon. 

It has now been found, Surprisingly and unexpectedly, 
that cyanuric chloride can be produced in the vapor 
phase by a catalytic process which, when compared with 
prior art processes, possesses a number of considerable 
technical advantages. These are as follows: 

(a) Elimination of the separate pre-drying of the catalyst; 
(b) Long catalyst life of at least 4500 hours, i.e., it is 

possible to carry out the catalytic process in a conven 
tional reaction column without continual renewal of the 
catalyst; 

(c) Consistently high conversion (95% of theory and 
more) and yield over the whole life of the catalyst at a 
charge rate of 500 gr./I./hr.; 

(d) Consistently excellent quality of the cyanuric 
chloride obtained, i.e., practically white and pure mate 
rial over the whole life of the catalyst; 

(e) Direct recovery of the cyanuric chloride, i.e., it is 
not necessary to subject the cyanuric chloride vapors 
which leave the reaction column to a subsequent purifi 
cation by means of an active carbon filter; 

(f) The above-mentioned advantages exist even when 
the cyanogen chloride used contains as impurities hydro 
cyanic acid, cyanogen or hydrogen chloride. 
These advantages can be realized in the practice of 

our novel inventive process by carrying out the trimeriza 
tion of the cyanogen chloride to cyanuric chloride in the 
vapor phase at a temperature of above 200 C., pref 
erably between 300 and 410° C., in the presence of 
chlorinating agents and an activated carbon catalyst from 
which metal compounds have been removed and which 
possesses a large inner surface. 
More specifically, it has been found that the large inner 

surface of the active carbon catalyst (measured accord 
ing to BET), as is possessed by commercially available 
active gas adsorption carbons, is necessary but not suffi 
cient by itself to ensure effective and long-lasting catalytic 
action. It was observed that only such active carbons 
afford conversions of approximately 95% of theory and 
more which are free from harmful metal compounds, 
such as, e.g., oxides, hydroxides or salts of the metals 
of lithium, magnesium, cerium, titanium, vanadium, 
manganese, iron, nickel, platinum, copper, zinc, cadmium, 
tin, lead or bismuth. This can easily be shown experi 
mentally. The catalytic action of active carbons from 
which such harmful metal compounds have been re 
moved is reduced when such metals are added. In order 
to prolong the catalyst life, it is therefore necessary to 
either employ carbons which are free from harmful 
metal compounds or to remove prior to use the harmful 
cations from commercially available active carbons which 
contain such metal compounds. Removal of harmful 
cations can be effected by an extraction procedure which 
utilizes acids or alkalis or both successively and subse 
quent thorough washing with distilled water. Such treat 
ment has a dual effect. First, the harmful metal com 
pounds of, e.g., zinc, lead, tin, lithium, magnesium, 
cerium, titanium, vanadium, manganese, iron, nickel, 
copper, cadmium, bismuth and possibly of other metals, 
which interfere directly or indirectly with the catalytic 
action, are thus substantially removed. Secondly, in some 
cases, an appreciable enlargement of the inner Surface 
is thus effected as a result of purification of the pores. 
Thus, the inner surface according to BET of a commer 
cially available active carbon, which was extracted with 
hydrochloric acid and washed with water, was enlarged 
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from 1270 to 1500 square meters per gram. In addition, 
the life of the active carbon was doubled by this treat 
ment. 
The choice of the material for the lining of the reaction 

column is closely related to the harmful effects of certain 
metal compounds. It is therefore desirable that the wall 
of the reaction chamber which is in contact with the 
catalyst be made from a non-metallic material, such as, 
e.g., graphite or glass enamel. 
A further improvement is achieved by adding to the 

cyanogen chloride chlorinating agents, such as chlorine, 
phosgene, etc. In the case of chlorine, it is advantageous 
to use concentrations up to 10%, and preferably 5%, 
based on the cyanogen chloride. Provided that the active 
carbon is free from harmful cations, this addition pro 
longs the life of the active carbon catalyst exceedingly, 
which from the point of view of large-scale production 
is of vital significance. The same improvement also 
occurs with cyanogen chloride which contains as im 
purities hydrocyanic acid and/or cyanogen. Here it is 
important that there is less hydrocyanic acid or cyanogen 
present than chlorinating agent. It should be noted that 
even with cyanogen chloride of the purest quality, i.e. 
with cyanogen chloride which is practically free from 
hydrocyanic acid and/or cyanogen, the presence of chlo 
rine will favorably affect the life of the active carbon 
catalyst. 

Still another great advantage of the subject process is 
the fact that it is possible to employ the catalyst in rela 
tively thin layers of, e.g., 60 mm. or less and still charge 
it with relatively high amounts of cyanogen chloride, as, 
e.g., 0.5-0.7 kilogram per liter of catalyst per hour. The 
active carbon used should then have at least a specific 
inner surface of over 1000 square meters per gram, pref 
erably 1300-1500 square meters per gram. The cyanuric 
chloride obtained is so pure that, in contrast to the mate 
rial obtained according to the best prior art processes, 
it can be recovered immediately without subsequent puri 
fication, which otherwise is usually effected by means of 
an active carbon filter heated to above 200° C. 
The following example will further illustrate the inven 

tive process. It is to be understood, however, that it is 
not intended to limit the scope of the invention in any 
way. 

Example 

The cyanogen chloride in gaseous form is charged from 
cylindrical ampules which have a volume of about 200 
ml. and are placed in water baths of 20 C. The rate 
of flow of cyanogen chloride gas is adjusted by means of 
a glass stop cock to 100 ml. per minute (ca. 16 grams 
per hour) and measured with a rotameter. A gas line 
connects the rotameter with the catalyst tube. The gas 
line is equipped with a T-tube through which the requisite 
amount of chlorine (about 1 gram per hour) is fed into 
the flow of cyanogen chloride. In the catalyst tube, there 
is an appr. 6 cm. high layer of catalyst whose over-all 
volume is 33 ml. As catalyst is employed commercially 
available active carbon with an inner Surface of 1270 
square meters per gram, which was previously subjected 
to an extraction procedure at reflux for appr. 170 hours 
with pure hydrochloric acid (20%) in a Soxhlet ap 
paratus, and subsequently thoroughly washed with dis 
tilled water until acid-free. The acid-soluble, inorganic 
components of the carbon are thus substantially removed 
(ash content prior to treatment: 6.1%; after treatment: 
1.3%, particularly, silicic acid). The catalyst tube made 
from Pyrex glass is placed in a VA-steel heating mantle 
which is thermostatically set at 350° C. by means of an 
iron-constantan thermocouple as well as a thermoregu 
lator. The reaction temperature is measured through 
the thermoelectric voltage produced by an iron-constantan 
thermocouple, movably placed inside the catalyst tube. 
The temperature measured as described above is self 
adjusting at a maximum of 400 to 410° C. The gaseous 
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4. 
cyanuric chloride leaves the catalyst tube and is con 
densed in a two-neck round-bottom flask. The unreacted 
cyanogen chloride as well as the chlorine are collected in 
a second trap which is placed in a cooling bath of iso 
propyl alcohol and Dry Ice. Connected with the trap, 
there is a bubble counter containing conc. sulfuric acid 
which allows to notice the escape of such noncondensed 
gases as traces of hydrogen chloride. This prevents at 
the same time air humidity from entering into the trap. 
The one liter round-bottom flask is sufficient to collect 
the daily output of catalytically formed cyanuric chloride 
which corresponds to the amount of cyanogen chloride 
from two ampules. The round-bottom flask together 
with the trap is exchanged daily to facilitate determina 
tion of yield, rate of conversion and quality. 

After e.g. 4447 hours of use of the catalyst, the follow 
ing determinations were made: 

Total, gr. 
Cyanogen chloride charged ---------------- 74,573 
Chlorine charged ------------------------ ca. 3,500 
Mixture of chlorine and cyanogen chloride re 

covered ------------------------------ 
Cyanuric chloride obtained ---------------- 

7,361 
70,843 

Conversion of cyanuric chloride calculated on the cy 
anogen chloride charged: 95.0% of theory. Average 
charge of the catalyst: 508 gr./l./hrs. which corresponds 
to a mean velocity of about 180 ml. of gas (0° C., 760 
mm.) per ml. of catalyst per hour, and a mean contact 
time (temperature of 380° C., relative granular inter 
stitial volume of 0.36) of ca. 3 sec. 
The cyanuric chloride obtained, which was practically 

100% pure, consisted of white crystals having a melting 
point of 145° to 146° C. The content of readily sapon 
ifiable by-products, as determined by saponification with 
ice water (calculated as (ClCN)) is less than 0.05%. 

In view of the exceedingly high degree of purity of 
the cyanuric chloride obtained according to our novel 
process, direct recovery thereof is possible. It is not 
necessary to carry out any additional purification pro 
cedures whatsoever. Even after the catalyst had been 
in use for 4447 hours, the conversion obtained was about 
95% of theory calculated on the cyanogen chloride 
charged. 
An analogous reaction takes place with cyanogen 

chloride which contains hydrocyanic acid as a result of 
its method of manufacture. Amounts of, e.g., 0.5% and 
more, have proven to be harmless provided the chlorine 
present is in excess thereover. Phosgene acts in an 
analogous manner. 
What is claimed is: 
1. In a process for the preparation of cyanuric chloride 

by passing cyanogen chloride in the vapor phase at a 
temperature of above 200° C. over an activated carbon 
which has been treated with agents selected from the 
group consisting of acids, alkalis and mixtures thereof 
and washed with distilled water until the oxides, hy 
droxides and salts of the metals of lithium, magnesium, 
cerium, titanium, vanadium, manganese, iron, nickel, 
platinum, copper, zinc, cadmium, tin, lead or bismuth 
contained therein are removed therefrom and a specific 
inner surface of at least 1000 square meters per gram 
is achieved therein, the improvement which comprises 
adding to the cyanogen chloride admixed with impurities 
selected from the group consisting of hydrocyanic acid, 
cyanogen, hydrogen chloride and mixtures thereof more 
than 0.5% and up to 10% by weight based on said cyano 
gen chloride of an agent selected from the group con 
sisting of chlorine and phosgene to prolong the life of 
said activated carbon provided that lesser amounts of such 
impurities are present than of said agent and recovering 
cyanuric chloride as pure material without subsequent 
purification. 

2. A process for the preparation of cyanuric chloride 
according to claim 1 wherein said agent is chlorine. 
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